T h e a t t e n t i o n t h a t the p r o b l e m s o f a n a p h y l a x i s a n d o f a n a p h y l at o x i n f o r m a t i o n h a v e r e c e i v e d d u r i n g the p a s t f e w y e a r s has l e d to t w o a n t a g o n i s t i c c o n c e p t i o n s as to the n a t u r e o f the m e c h a n i s m o f i n t o x i c a t i o n .
Friedberger (I) believes that the phenomena are due to an intoxication by protein split products, placing the matrix of the poison in the foreign protein, or antigen, incroduced. Doerr (2) regards them as physical and as resulting from colloidal changes in the serum, and denies the possibility of enzymotic protein cleavage as having any direct bearing on the process of intoxication. Keysser and Wassermann (3), Ritz and Sachs (4), and Bordet (5) are more or less committed to the physical theory, although they do not consider it necessary to go as far as Doerr in denying the splitting of the proteins, merely placing the matrix of the toxin in the homologous serum, without definite agreement as to the nature of the colloidal changes that are supposed to occur.
The production of the so called anaphylatoxin in vitro by Friedemann (6) and by Friedberger and Mita (I) , by the interaction of complement, antigen, and amboceptor, has been greatly simplified. Friedberger himself found the amboceptor superfluous. Almost any adsorbing substance has been used as art antigen; such as kaolin (Keysser and Wassermann (3) ), agar (Besredka and Str6bel (7), and Bordet (5)), "Kieselguhr" (Doerr (2) ), starch (Nathan (8) ), waxes and fats from bacilli (Leschke (9) ), besides the true antigens, which latter need not be specific, for they are still effective after boiling. The experiments of Doerr and Russ (2) , Krans (IO), Seitz (II), Aronson (I2) , and Friedberger have shown that complement is not essential, for toxic sera can be produced from inactivated serum, although not with the same regularity as from active serum.
If, then, the a n t i g e n -a n t i b o d y h y p o t h e s i s has f a i l e d to e x p l a i n the a c c u m u l a t e d facts, h o w a r e w e to i n t e r p r e t the t o x i c i t y o f the so called a n a p h y l a t o x i n s ? T h e e v i d e n c e still s e e m s s t r o n g t h a t the toxic substances are cleavage products of proteins, or, at any rate, proteins so altered that they are capable of being split in the organism; for Friedberger does not claim that the entire toxic effect of anaphylatoxin is due to preformed split products.
The argnments made against the protein-intoxication conception, such as the time element and the minute amount of substance necessary, are not convincing, for we know that ferment action may be very rapid; and as far as the quantity of substrate is concerned the argument fails if we place the matrix of the poison in the serum proteins themselves.
There is' some reason to believe, however, that if ferment action is the basis of anaphylactic shock, these ferments may have a much wider range of action than merely on the introduced protein.
Doerr (2) assumes that guinea pig serum is normally toxic, but that the toxicity is held in abeyance by some unknown substance which is adsorbed during the anaphylatoxin formation. Ritz and Sachs (4) Suggest that during adsorption alteration occurs in the serum resulting in the formation of toxic substances. In a measure, both of these views are probably correct, although in neithei" of the papers in which they are put forward are there to be found suggestions as to the nature of the adsorbed substances. Doerr calls attention to the marked changes in coagulation as manifestations of the intoxication and suggests a causal connection. We, too, feel certain that this phase warrants a more detailed study.
Granting tentatively that anaphylaxis and anaphylatoxin intoxications are due to protein split products; we come to a consideration of the matrix. That the antigen used in producing anaphylatoxin is not split, has been convincingly shown by Donati (13) who noted that organisms so used retained their antigenic properties; while Neufel'd and Dold (14) observed that living bacteria produced anaphylatoxin more easily than killed organisms. The fact that the same antigen can be used repeatedly would also tend to confirm this view. The demonstration of dialyzable split products occurring in anaphylatoxin (Pfeiffer and M, ita (15)) gives no clew to the origin of the cleavage products; and inasmuch as we have recently (16) shown that normal serum will autolyze rapidly when th. ~ antiferments are l,owered or removed, there is reason to believe that small amounts of split products may occur in anaphylatoxin. Total non-coagulable nitrogen determinations made according to the method of Folin show, however, that whatever splitting takes place in the usual methods of anaphylatoxin formation is very small. The production of anaphylatoxins by means of kaolin, agar, starch, waxes, and infusorial earth leaves no room for doubt that the matrix must reside in the serum.
In a recent paper (16) we have demonstrated the lipoidal nature of serum antitrypsin and have shown that the inhibition is due to unsaturated fatty acids and esters (17) . We have also shown (18) that by extracting the serum with chloroform or ether, thereby removing the antitrypsin, or by saturating the free bonds with iodin, or by acidulating and filtering the serum, the serum becomes highly toxic, this toxicity depending on three factors; i. e., changes in coagulation, exposure of serum proteins, and autolysis in vitro of the exposed proteins. Under these conditions the serum becomes from five to ten times as toxic as the ordinary anaphylatoxin, the exact minimum lethal dose depending on the amount of lipolds removed and the state of autolysis. The increase in toxicity is accompanied by a constant increase in the total non-coagulable nitrogen as determined by the Folin method, until a period of digestion is reached when the serum is no longer toxic. The mere inactivation of serum antitrypsin by heat or acid is not sufficient to secure a toxic serum, possibly because the lipoids remain in the serum and are rendered active again on reinjection. From the serotoxir~ which we have prepared we have isolated toxic split products, thermostabile, and lethal in doses of about o.oi of a cubic centimeter per gram weight of guinea pig when made up to the original serum volume.
The fatty acids and their salts are easily adsorbable substances (I9), and we might therefore expect that under proper quantitative conditions it would be possible to adsorb these protective lipoids from serum without affecting the other constituents. We have therefore examined the effect of the various adsorbing substances which have been found to produce typical anaphylatoxin, on the gerum antitrypsin of fresh guinea pig serum and other sera. Our experiments have been made by incubating the mixture for three hours and then testing the antitryptic effects directly or after permitting the mixture to remain over night in the ice chest. In the charts illustrating these experiments the antitryptic value of the untreated serum is shown in the heavy black lines. Inasmuch as the ordinary Fuld-Gross technique for antitrypsin determination leads to serious errors in the reading, we have, in every instance, determined the total nitrogen digestion by the method of Folin, which we have described in our former papers.
Fresh guinea pig serum was mixed with typhoid bacilli in the proportion of two cubic centimeters of serum to one agar slant of bacilli and the mixture was incubated for three hours. The mixture was then placed in the ice chest over night. As will be seen from text-figure I, there was a marked decrease in the antitryptic value of the serum so treated. There was no increase in the noncoagulable nitrogen of the serum. A portion of the mixture was centrifuged until it became clear, and was then injected intravenously into guinea pigs to determine its toxicity. Two cubic centimeters caused immediate death of a guinea pig weighing 21o grams, with all the evidences of anaphylaxis. The experiments have been repeated several times with similar results.
EXPERIMENT WITH AGAR AND TUBERCLE BACILLI ANAPHYLATOXIiXl.
A similar experiment was made with dried tubercle bacilli and also with a small amount of solid agar. As will be seen from text-figure 2, tubercle bacilli have somewhat, and the agar ha~ greatly lessened the serum antitrypsin. It is interesting to recall that the production of anaphylatoxin from tubercle bacilli has always been somewhat difficult, and that Shibayama (20) found that by extracting the fats from the bacilli the result was much more constant.
ANAPHYLATOXIN FROM STARCH.
The next experiment was made with starch as an adsorbent, The data from which text-figure 3 has been made will be found in protocol I. In this experiment a large amount of starch paste The mixtures were incubated for three hours, placed in the ice chest over night, and the next morning each tube was diluted one tenth to twenty cubic centimeters with normal salt solution. The Per cent. 
e*l ~1 ¢,1 t,i e~ e,i e,1 ¢,1 e,i ~ e,i e4 e,i ~ ~ ~1 e,i e,i ~ e,i e,i el e,i e,,1 ~ e,i e,i e,i e,i O '~ cipitated by salt and acid, boiled, filtered through kaolinized hard paper filters, and nitrogen determinations made on the filtrate. The nitrogen determined for each tube in reference to the total digestion of the casein gives the exact percentage of digestion. Text- figure 4 shows the effect of diphtheria toxin on the serum antitrypsin and illustrates the digestion in tubes 3, 4, and 5 of protocol I. The amount of non-coagulable nitrogen in 0.0 5 of a cubic centimeter of diphtheria toxin (the largest amount used) was found to be o. I of a milligram.
It will be noted that kaolin had not affected the antitrypsin when the larger amount was used, but the smaller amount (0.0 5 of a gram) had adsorbed a large amount. Our experience has been that agar and starch and bacteria are more effective, as a rule, than kaolin, which is only effective in a certain definite quantitative relation. In the series with agar the inactive serum also shows adsorption of the antitrypsin. We have found it on the whole more difficult to secure adsorption from the inactivated serum than from the active, corresponding to the condition which obtains with chloroform extraction. It has been demonstrated repeatedly, however, that even inactivated sera will produce anaphylatoxins although not so constantly as active sera. The relation of the toxicity of normal guinea pig serum to its antiferment content has already been discussed in a previous paper in which it was shown that the toxicity is proportionate to the degree of removal of the antitrypsin, the serum becoming more toxic with decreasing antitryptic activity. In our present work with bacteria, agar, starch, etc., we have found that the same conditions apply, the agents which absorb most antitrypsin producing the most toxic sera. For these reasons we shall not describe the numerous experiments made in the course of the work.
EFFECT OF TOXINS ON SERUM ANTITRYPSIN.
When we consider the effect produced by true toxins we must, of course, seek a different explanation than one of mere adsorption. Friedberger and Mita (2I) demonstrated that an active toxin could be produced by incubating tetanus toxin, diphtheria toxin, and cobra venom with fresh guinea pig complement. Their efforts met with least success with the cobra venom preparation. They interpreted the{r results as indicating that the complement had split the toxins to still more toxic products which killed with typical anaphylactic symptoms. In view of the exhaustive work that has been done in the differentiation of the toxins and their components this view as to the unity of toxin action seems at least unreasonable. It has been demonstrated that the toxins have a special affinity for lipoidal substances (de Waele (22) , Raubitschek (23)). Whether this depends on the presence of unsaturated fatty acids has not been deternqined and we are now conducting experiments in this direction. If, then, these lipoidal bonds are first saturated by a toxin we should expect that the trypsin subsequently added would be bound to a lessened degree, since the lipoids are the same in both cases. It is, of course, quite probable that the phenomenon is a purely physical one, but it is interesting to note in this connection the close parallelism shown by the behavior of the toxins and the enzyme in their relation to these lipoids. In protocol I the effect of diphtheria toxin has already been noted.
PROTOCOL II.
No. of tube. In our next experiment (protocol II) the results showed that cobra venom 1 also lowered the antitryptic value only to a small extent, a result to be expected from the experiments of Friedberger and Ito, who found it difficult to secure toxic serum in this way, having only one acute death in their series.
The reason why quantitative differences should so markedly influence anaphylatoxin formation is not clear, although we have noted frequently that large amounts of bacteria, kaolin, or starch will adsorb very little of the antitrypsin, while smaller amounts will be effective. That such a condition should be true for bacteria might seem reasonable, for when large numbers are incubated a proportion may die and undergo solution, due to the lipolytic effect of the serum, while the bacterial antiferments, together with the antiferments previously adsorbed from the serum will be thrown back into solution, rendering it more antitryptie than before. That lessened toxicity when larger amounts of bacteria are used should be due to complete protein splitting to atoxic products -is out of the question, for even with a concentrated leucoprotease solution Jobling and Strouse (24) found that it required several days to secure highly toxic products from typhoid bacilli.
To show the effects of various amounts of bacteria when in~ cubated with fresh serum, we have carried out the experiment shown in protocol III. The technique was the same as before, with the exception that only one cubic centimeter of serum was used for each mixture, the final dilution being made to ten cubic centimeters, instead of twenty. The number of bacteria used is, of course, not absolute, the measure being a large platinum loop, the amounts used being 4, 2, I, and ~ loops to each cubic centimeter. From the results it will be seen that the staphylococci are effective only in the larger amounts, while typhoid bacilli give the most marked effects in the one and two loop mixtures, the four loop mixture being less effective.
If serum antitrypsin is adsorbed by the bacteria used in the preparation of anaphylatoxin we should expect that such bacteria would become more resistant to tryptic digestion than untreated bacteria. In order to determine this point the following experiment was carried out.
Typhoid bacilli which had ~been incubated with fresh guinea pig serum (complement) in the preparation of anaphylatoxin were centrifuged, washed, and dried by grinding in an agate mortar. The dry weight was 30 rag. A similar amount 
of dried untreated typhoid bacilli was used as a control. The digestion of the untreated bacteria is, therefore, over four times as great as of those bacteria which have adsorbed antitrypsin from the serum. With staphylococci this difference is not so great, but in the experiments which we have made, the digestion of the untreated bacteria is always somewhat greater than of those which have been treated with fresh serum. We have. stated that one can adsorb the antitrypsin from the inactivated serum almost as well as from the active guinea pig serum, although the process seems to be slower. That even inactivated sera will form anaphytatoxins has been shown before (2, I0, II, 12). From human serum it is much more difficult to remove the antiferment by adsorption. Horse serum antitrypsin we have found almost as easily adsorbable as the guinea pig antitrypsin.
DISCUSSION.
The interpretation of our results is, we believe, simple. The serum proteins are normally prevented from digestion intravitally by the presence of protective lipoids,--unsaturated fatty acids, but when these are removed the proteolytic ferment of the serum can rapidly split the proteins; the exposure of the proteins by partial removal of the antitrypsin through adsorption, or complete removal by means of the lipoidal solvents renders the serum highly toxic to the homologous animal. The recent work of Dold and his coworkers (25) affords a complete confirmation of this view. They state that anaphylatoxins could not be obtained in vivo or in vitro with bacteria which had been treated with oils, with bile, or with cholesterol, but that the bacteria had not lost their power to act as antigens, and still contained active endotoxins.
Bacteria treated in this manner have, of course, been saturated with lipoids and can no longer take up more when placed in contact with fresh serum. If the bacteria had been split, as Friedberger contends, then it would be impossible to secure toxic effects in vivo, and their antigenic properties would be destroyed. We have repeated the experiments of Dold and his co-workers and have never noted any adsorption of antitrypsin from fresh guinea pig serum by bacteria so treated; neither did the serum so treated become toxic.
The views of Friedberger are, therefore, untenable in that they would make one uniform toxic agent responsible for the manifold toxic effects observed in disease. While split products of proteins (primary proteoses) whether from a foreign source or from the organism's own proteins, are no doubt the causative agents in many instances, the mechanism of their production is unquestionably different from the one supposed by Friedberger. From the complexity of the protein molecule, we should expect that even the higher cleavage products would show differences in their toxic, as they do in their antigenic properties; and the unfailing uniformity of the toxic effects of the anaphylatoxins, together with the lack of antigenic properties, is one of the strongest arguments that the substrate from which the toxic substances are split is the same in every case. That Friedberger (26) himself seems to realize that the position which he has taken is untenable is indicated in his recent work with kaolin, the toxic effects of which he found could be prevented by previous treatment with serum. He says: "The toxicity of kaolin is not due to mechanical injury; it is probably due to the adsorption of certain substances from cells fundamental to the life of the organism." COI~CLUSION. I. The unsaturated lipoids (serum antitrypsin) can be adsorbed from guinea pig serum, rabbit serum, and horse serum by kaolin, starch, agar, and bacteria.
2. Diphtheria toxin and cobra venom also reduce the serum antitrypsin, possibly because of their affinity for lipoids.
